1. Introduction {#s0005}
===============

Gastric ulcer is one of the major gastrointestinal disorders, which occurs due to an imbalance between the offensive (gastric acid secretion) and defensive (gastric mucosal integrity) factors[@bib1], [@bib2]. The incidence of peptic ulcer is increased due to stress, smoking, alcohol, *Helicobacter pylori* and ingestion of non-steroidal anti-inflammatory drugs (NSAID) [@bib3], [@bib4], [@bib5]. It has been suggested that reactive oxygen species (ROS), primarily super-oxide anions, hydroxyl radicals, and lipid peroxides, are the harmful species known to cause the gastric ulcer development[@bib6]. To scavenge ROS, gastric cell have several enzymatic and non-enzymatic antioxidants including catalase (CAT), superoxide dismutase (SOD), glutathione peroxidase (GPx), endogenous glutathione (GSH) and sulfhydryl groups (NPSH), but excessive generation of ROS enhance lipid peroxidation and depletes these antioxidants enzymes[@bib7], [@bib8], [@bib9].

There are many different experimental models of gastric ulcer induction, including ethanol and acetic acid[@bib2]. Using such animal models, researchers simulate conditions to which humans may be exposed and, as a result, develop gastric ulcers. Ethanol is known as a cause of gastric damage by altering protective factors, including decreasing mucus production and blood circulation within the mucosa[@bib4], [@bib10]. In addition, the gastric damage caused by ethanol may be due to the generation of reactive species, decreased cell proliferation, and an exacerbated inflammatory response[@bib10], [@bib11], [@bib12].

The prevention or cure of peptic ulcers is one of the most important challenges confronting medicine nowadays, as it is certainly a major human illness affecting nearly 8%--10% of the global population, of which 5% suffer from gastric ulcers[@bib13]. Gastric ulcer therapy faces a major drawback because most of the drugs currently available in the market show limited efficacy against gastric diseases and are often associated with severe side effects[@bib14], [@bib15].

Controlling the formation of reactive species and secretion of gastric acid are essential for the treatment of these pathologies. In this context, medicinal plants containing a wide variety of antioxidants, such us phenolic acids, flavonoid, coumarins, tannins and terpenoids compounds, are some of the most attractive sources of new drugs and have been shown to produce promising results in the treatment of gastric ulcers[@bib16], [@bib17], [@bib18], [@bib19].

*Scutia buxifolia* Reissek (Rhamnaceae), popularly known in Brazil as "coronilha", is native tree from South America, with a dispersion area that comprises Rio Grande do Sul State in Brazil, and the countries Argentina and Uruguay. In these regions, an aqueous infusion prepared with stem bark of *S. buxifolia* has been described and widely used in folk medicine for cardiotonic, diuretic and antihypertensive properties[@bib20], [@bib21]. Phytochemical screening of *S. buxifolia* fractions revealed the presence of cyclopeptide alkaloids, steroids, polyphenols and flavonoids[@bib22], [@bib23], [@bib24], [@bib25]. Among the studies that were conducted, alkaloids isolated from *S. buxifolia* displayed *in vitro* antimicrobial activity[@bib22], [@bib26]. Cytotoxicity effects of extracts from leaves, twigs and stem bark of the plant were evaluated by the *Artemia salina* assay, as well as the antimicrobial, antimycobacterial and antiviral activities[@bib23], [@bib27], [@bib28]. Furthermore, de Freitas et al.[@bib29] showed that the lyophilized aqueous extract of the stem bark of *S. buxifolia* did not cause hepatotoxicity. Extracts from the leaves and stem bark of *S. buxifolia* were effective inhibitors of TBARS production and also presented DPPH scavenger activity, while polyphenols and flavonoids were associated with this properties, indicating that this plant have promising compounds to be tested as potential drugs for the treatment of diseases resulting from oxidative stress[@bib25].

The aim of the present study was to evaluate the protective effect of *S. buxifolia* crude extract against toxicity of ethanol on gastric mucosal by evaluating oxidative stress markers, antioxidant defense along with morphological and histopathological damage. In order to clarify the properties of the crude extract of *S. buxifolia* (ceSb), the extract composition were also evaluated by high-performance liquid chromatography (HPLC).

2. Experimental {#s0010}
===============

2.1. Chemicals, apparatus and general procedures {#s0015}
------------------------------------------------

Methanol, ethanol, acetic acid, gallic acid, chlorogenic acid and caffeic acid were purchased from Merck (Darmstadt, Germany). Quercetin, rutin, kaempferol and omeprazole were acquired from Sigma Chemical Co. (St. Louis, MO, USA). Milli-Q ultra-purified water was used in preparing the samples. High performance liquid chromatography-diode array detection (HPLC-DAD) was performed with a Shimadzu Prominence Auto Sampler (SIL-20A) HPLC system (Shimadzu, Kyoto, Japan), equipped with Shimadzu LC-20AT reciprocating pumps connected to a DGU 20A5 degasser with a CBM 20A integrator, SPD-M20A diode array detector and LC solution 1.22 SP1 software.

2.2. Plant collection and extract preparation {#s0020}
---------------------------------------------

Stem bark of *S. buxifolia* were collected on October of 2007 in the first district of the council of Dom Pedrito, in the Rio Grande do Sul State, Brazil (coordinates 30°59′09″ S and 54°27′44″ W). Voucher specimen was archived in the herbarium of Department of Biology at Federal University of Santa Maria, register number SMBD 10919. The stem bark were dried at room temperature and powdered in a knife mill (0.86 µm), resulting in a mass of 651.52 g of plant material, which was submitted to maceration at room temperature with ethanol 70% for a week with daily shake. After filtration, the extract was evaporated under reduced pressure to remove the ethanol. Then, the extract was stored and subjected to a slow evaporation of the water fraction of the solvent in an oven, for future use of the remaining solids (ceSb).

2.3. Determination of total phenolics contents {#s0025}
----------------------------------------------

The determination of total phenolic contents in ceSb was determined by the Folin--Ciocalteu method with slightly modifications[@bib30]. The samples were read at 730 nm in spectrophotometer. Gallic acid in the range of 0.005--0.030 mg/mL was used as a standard phenol, giving the calibration equation: *Y*=11.969*X*−0.0454 (*r*=0.9987). Test was carried out in triplicate and the result was expressed in milligrams equivalents of gallic acid (GAE) per gram of crude extract.

2.4. Determination of total flavonoids content {#s0030}
----------------------------------------------

The flavonoid content in ceSb was determined based on the formation of flavonoid-aluminum complex[@bib31]. One milliliter of sample was mixed with 1 mL of 2% aluminum chloride solution. After incubation for 15 min at room temperature, the absorbance of the reaction mixture was measured at 420 nm. A standard curve was first plotted using quercetin (0.012--0.200 mg/mL) as a standard, giving the calibration equation: *Y*=0.0045*X*−0.014 (*r*=0.9992). The amount of flavonoids was expressed as quercetin mg/g dry crude extract and all tests were carried out in triplicate.

2.5. Determination of total tannins content {#s0035}
-------------------------------------------

The tannins content in ceSb was performed using the method described by Morrison et al.[@bib32] Samples in concentrations of 0.25 mg/mL, 5 mL of solution A (1 g vanillin in 100 mL of methanol) and solution B (8 mL HCl in 100 mL of methanol) were used to experiment. The samples were read at 500 nm in spectrophotometer. The total tannins content was expressed in milligrams equivalents of catechin per gram of each fraction. The equation obtained for the calibration curve of catechin in the range of 0.001--0.025 mg/mL was *Y*=0.00015*X*+0.005 (*r*=0.9979). The experiments were conducted in triplicate.

2.6. Determination of total alkaloids content {#s0040}
---------------------------------------------

The alkaloids content in ceSb (20 mg/mL) was determined using the method described by Sreevidja and Mehrotra[@bib33], where Dragendorff׳s reagent precipitates alkaloids in plants materials. It is based on the formation of yellow bismuth complex in nitric acid medium with thiourea. Mixture of thiourea and nitric acid were used as a blank. The samples were read at 435 nm in spectrophotometer. The equation obtained for the calibration curve of bismuth nitrate pentahydrate solution in the range of 0.01--0.09 mg/mL was *Y*=2.2783*X*+0.0361 (*r*=0.9997). The experiments were conducted in triplicate.

2.7. HPLC/DAD analyses of *S. buxifolia* extract composition {#s0045}
------------------------------------------------------------

Reverse phase chromatographic analyses were carried out under gradient conditions using C~18~ column (250 mm×4.6 mm) packed with 5 μm diameter particles; the mobile phase was water containing 2% acetic acid (A) and methanol (B), and the composition gradient was: 5% (B) for 2 min; 25% (B) until 10 min; 40%, 50%, 60%, 70% and 80% (B) every 10 min; following the method described by Amaral et al.[@bib12] with slight modifications. The ceSb and mobile phase were filtered through 0.45 μm membrane filter (Millipore) and then degassed by ultrasonic bath prior to use, the extract was analyzed dissolved in methanol at a concentration of 8 mg/mL. Stock solutions of standards references were prepared in methanol at a concentration range of 0.031--0.250 mg/mL for kaempferol, quercetin and rutin, and 0.006--0.250 mg/mL for gallic, chlorogenic and caffeic acids. Quantification was carried out by integration of the peaks using the external standard method, at 254 nm for gallic acid, 325 nm for caffeic and chlorogenic acids, and 365 nm for quercetin, rutin and kaempferol. The flow rate was 0.8 mL/min and the injection volume was 40 μL. The chromatography peaks were confirmed by comparing their retention time and Diode-Array-UV spectra with those of the reference standards. All chromatography operations were carried out at ambient temperature and in triplicate. The respective standard solutions calibrations curves were *Y*=53985*X*+1020.6 (*r*=0.9859) for gallic acid; *Y*=52548*X*+1082.3 (*r*=0.9850) for chlorogenic acid; *Y*=87846*X*+1093.0 (*r*=0.9938) for caffeic acid; *Y*=103861*X*−1235.8 (*r*=0.9921) for rutin; *Y*=150833*X*−4741.7 (*r*=0.9949) for quercetin and *Y*=130745*X*−1897.9 (*r*=0.9928) for kaempferol.

The limit of detection (LOD) and limit of quantification (LOQ) were calculated based on the standard deviation of the responses and the slope using three independent analytical curves, as defined by Sabir et al.[@bib34], LOD and LOQ were calculated as 3.3 and 10 *σ*/*S*, respectively, where *σ* is the standard deviation of the response and *S* is the slope of the calibration curve.

2.8. Animals {#s0050}
------------

Male Wistar rats (200--250 g), obtained from the General Animal House of the Federal University of Santa Maria, were kept on a separate animal room, in a 12-h light/dark cycle at room temperature and were fasted 16 h with free access to water before the experiment. All animals were used according to the guidelines of the Committee on Care and Use of Experimental Animal Resources from Federal University of Santa Maria, Brazil (013/2012).

### 2.8.1. The experimental protocol and ethanol-induced gastric lesions method {#s0055}

The animals were randomly divided into 10 groups (A--J), with six animals each. Five groups of animals received distillated water as vehicle (0.5 mL/100 g body weight) and the other five groups received a 70% aqueous solution (*v/v*) of ethanol by oral gavage (0.5 mL/100 g body weight). After 1 h of ethanol or vehicle administration, the animals received ceSb intragastrically at doses of 0 g/kg (vehicle), 100 mg/kg, 200 mg/kg and 400 mg/kg body weight, the group positive control received omeprazole 30 mg/kg body weight. The chosen model of gastric damage induced by ethanol has already been described[@bib35]. The *S. buxifolia* extract doses used were adapted from a previous study of toxicity[@bib29].

The treatment groups and experimental protocol are detailed below:Group A -- control group: received only distilled water (0.5 mL/100 g body weight).Group B -- ethanol group: received only 70% ethanol (0.5 mL/100 g body weight).Group C -- omeprazole control group: received distilled water (0.5 mL/100 g body weight), 1 h after omeprazole (30 mg/kg body weight).Group D -- omeprazole+ethanol group: received 70% ethanol (0.5 mL/100 g body weight), 1 h after omeprazole (30 mg/kg body weight).Group E -- 100 mg/kg ceSb control group: received distilled water (0.5 mL/100 g body weight), 1 h after ceSb (100 mg/kg body weight).Group F -- 100 mg/kg ceSb+ethanol group: received 70% ethanol (0.5 mL/100 g body weight), 1 h after ceSb (100 mg/kg body weight).Group G -- 200 mg/kg ceSb control group: received distilled water (0.5 mL/kg body weight), 1 h after ceSb (200 mg/kg body weight).Group H -- 200 mg/kg ceSb+ethanol group: received 70% ethanol (0.5 mL/100 g body weight), 1 h after ceSb (200 mg/kg body weight).Group I -- 400 mg/kg ceSb control group: received distilled water (0.5 mL/100 g body weight), 1 h after ceSb (400 mg/kg body weight).Group J -- 400 mg/kg ceSb+ethanol group: received 70% ethanol (0.5 mL/100 g body weight), 1 h after ceSb (400 mg/kg body weight).

One hour after ceSb or omeprazole administration, the animals were euthanized by deep anesthesia induced by thiopental at 100 mg/kg body weight, administered intraperitoneally. The stomachs were immediately removed, washed with saline solution (0.9% NaCl) and the glandular portion was separated for macroscopic evaluation (gastric lesion index). Afterwards, a portion of gastric tissue was collected for histopathological analysis and the remained tissue was homogenized in 9 volumes of 0.1 mol/L potassium phosphate buffer (pH 7.4) using a Polytron mixer (Kinematica AG, Switzerland). The homogenate was centrifuged at 3000×*g* at 4 °C for 10 min to yield a low-speed supernatant that was used to measure the biochemical parameters.

### 2.8.2. Macroscopic evaluation {#s0060}

The stomachs were opened along the greater curvature and washed with 0.9% NaCl and examined by a blinded pathologist for macroscopic lesions in the glandular part under a dissecting microscope. The severity of macroscopic lesions formed were estimated using an ulcer index as previously reported[@bib36], [@bib37] using the following scale: 0=normal mucosa; 1=hyperemic mucosa up to 3 small patches; 2=4--10 small patches; 3=more than 10 small or up to 3 medium-sized patches; 4=4 to 6 medium-sized patches; 5=more than 6 medium-sized or up to 3 large patches; 6=4--6 large patches; 7=7--10 large patches; 8=more than 10 large patches; and 10=large patches of extensive necrotic zones. A "small patch" is defined as an area of lesion up to 2 mm across (maximum diameter), a "medium-sized patch" as between 2 and 4 mm across, and a "large patch" as more than 4 mm across. For hemorrhage, petechiae (1 or more small red dot), edema and loss of mucus (Alcian Blue solution, 0.1%, *w/v*, in 0.16 mmol/L sucrose solution, was used as dye), the stomachs with no injuries received score 0, stomachs with minor injury received score +1, those with moderate and severe injuries were given a score of +2 and +3, respectively[@bib38].

### 2.8.3. Histopathological examinations {#s0065}

For microscopic analysis, a portion of stomach from each experimental group was fixed in 10% formalin and immersed in paraffin. Sections of 5 mm were obtained with a standard microtome and were stained with hematoxylin and eosin[@bib37]. The sections were examined by a pathologist without knowledge of the experimental groups for presence of any negative features, such as edema, erosion, ulceration and necrosis. The severity of histopathological changes was quantified according to an arbitrary scale as described before, with some modifications[@bib39]. Gastric tissue with no negative features was given a score of 0. Gastric tissue with mild histopathological damage was given a score of +1. Those with moderate and severe negative features were given a score of +2 and +3, respectively. Results were expressed as a histopathological score.

### 2.8.4. Thiobarbituric acid reactive substances (TBARS) {#s0070}

Stomach tissue lipoperoxidation (LPO) estimation was performed using the TBARS assay as previously described, where the colorimetric reaction of the LPO product malondialdehyde (MDA) with thiobarbituric acid (TBA) is quantified. The concentration of TBA reactive substances was measured at 532 nm using a standard curve of MDA, and the results were expressed as nmol MDA/mg protein[@bib40].

### 2.8.5. Non-enzimatic antioxidant defense {#s0075}

Tissue non-protein sulfhydryl groups (NPSH) were quantified after mixing the homogenate with 10% trichloroacetic acid (1:1, *v/v*), followed by centrifugation, as described by Ellman[@bib41]. Cysteine was used for preparation of a standard curve.

### 2.8.6. Catalase activity (CAT) assay {#s0080}

CAT activity was determined by measuring the decrease in hydrogen peroxide (H~2~O~2~) absorption at 32 °C. The method is based on the consumption of H~2~O~2~ by CAT and loss of absorbance at 240 nm[@bib42].

### 2.8.7. Superoxide dismutase activity (SOD) assay {#s0085}

Superoxide dismutase is an enzyme which catalyzes the dismutation of superoxide radical to form hydrogen peroxide and oxygen. The assay for determination of indirect SOD-activity is based in the inhibition of reaction between superoxide radical with adrenaline[@bib43].

### 2.8.8. Protein quantification {#s0090}

The amounts of LPO were normalized to the amount of stomach protein content. The quantification of the protein was performed following Lowry method[@bib44], where the maximum absorbance for the solution of Folin--Ciocalteu due to its interaction to bovine serum albumin (BSA) protein, occurs at 625 nm.

2.9. Statistical analysis {#s0095}
-------------------------

The results were expressed as mean±standard deviation (SD). Statistical comparisons were performed by one-way analysis of variance followed Tukey׳s *post-hoc* test. The data were analyzed by using Statistical Package for the Social Sciences (SPSS, version 18.0). A *P*-value less than 0.01 were considered to be significant different.

3. Results {#s0100}
==========

3.1. Total phenols, flavonoids, tannins and alkaloids contents {#s0105}
--------------------------------------------------------------

The quantitative phytochemical results showed the presence of phenolics (141.09±0.71 mg GAE/g of extract), flavonoids (100.37±0.56 mg quercetin/g of extract), tannins (66.67±0.17 mg catechin/g extract) and alkaloids (1.59±0.08 mg alkaloids/g extract) ([Table 1](#t0005){ref-type="table"}).

3.2. HPLC/DAD analysis {#s0110}
----------------------

HPLC fingerprinting of ceSb revealed the presence of the gallic acid (retention time-*t*~R~ 12.4 min; peak 1; 4.13%), chlorogenic acid (*t*~R~=23.1 min; peak 2; 1.92%), caffeic acid (*t*~R~=28.6 min; peak 3; 7.75%), rutin (*t*~R~=37.5 min; peak 4; 0.89%), quercetin (*t*~R~=47.6 min; peak 5; 9.03%) and kaempferol (*t*~R~=54.9 min; peak 6; 0.54%) ([Fig. 1](#f0005){ref-type="fig"} and [Table 1](#t0005){ref-type="table"}). The HPLC analysis revealed that flavonoids (quercetin, rutin and kaempferol) and phenolics acids (gallic, chlorogenic, caffeic acids) are the major components of the extract.

3.3. Macroscopic analysis {#s0115}
-------------------------

The assay revealed a significant effect of ethanol on gastric tissue (*P*\<0.01; [Figure 2](#f0010){ref-type="fig"}, [Figure 3](#f0015){ref-type="fig"}). The animals that received 70% ethanol developed a consistent macroscopic damage which were evidenced by presence of ulceration hemorrhagic ([Fig. 2](#f0010){ref-type="fig"}B). It is attenuated by the administration of omeprazole (30 mg/kg) with a few fields of hyperemia ([Fig. 2](#f0010){ref-type="fig"}D). In addition, the ceSb did not show any macroscopic toxicity, preserving the morphological integrity of the gastric mucosa ([Fig. 2](#f0010){ref-type="fig"}E, G and I) when compared to non-treated control group ([Fig. 2](#f0010){ref-type="fig"}A). Furthermore, the animals treated with ceSb at 200 and 400 mg/kg were able to reversed the damage induced by ethanol ([Fig. 2](#f0010){ref-type="fig"}H and J, respectively), with very similar aspect to the control group ([Fig. 2](#f0010){ref-type="fig"}A).

*Post*-*hoc* comparisons demonstrated that 1 h exposure to ethanol is able to cause injury to gastric tissue characterized by macroscopic features such as discoloration (*P*\<0.01; [Fig. 3](#f0015){ref-type="fig"}A), petechiaes (*P*\<0.01; [Fig. 3](#f0015){ref-type="fig"}B), edema (*P*\<0.01; [Fig. 3](#f0015){ref-type="fig"}C), hemorrhage (*P*\<0.01; [Fig. 3](#f0015){ref-type="fig"}D) and mucus loss (*P*\<0.01; [Fig. 3](#f0015){ref-type="fig"}E). Although ceSb at dose of 200 and 400 mg/kg totally reversed all macroscopic lesions induced by ethanol (*P*\<0.01; [Figure 2](#f0010){ref-type="fig"}, [Figure 3](#f0015){ref-type="fig"}), the dose of 100 mg/kg completely restored just edema and mucus loss occurrence (*P*\<0.01; [Fig. 3](#f0015){ref-type="fig"}C and E). Moreover, ceSb at dose of 100 mg/kg partially ameliorated color, petec and hemorrhage (*P*\<0.01; [Fig. 3](#f0015){ref-type="fig"}A, B and D). The omeprazole completely reversed the color and edema induced by ethanol (*P*\<0.01; [Fig. 3](#f0015){ref-type="fig"}A and C).

3.4. Histopathology {#s0120}
-------------------

Acute exposure of rats to ethanol caused mucosal necrosis, edema and congestion along with inflammatory process characterized by neutrophils infiltration, as demonstrated by the histopathological score (*P*\<0.01; [Fig. 4](#f0020){ref-type="fig"}B and L). These results confirm that ethanol causes gastric damage also at a microscopic level. Post-treatment with *S. buxifolia* extract (100, 200 and 400 mg/kg) ameliorated injuries caused by ethanol (*P*\<0.001; [Fig. 4](#f0020){ref-type="fig"}F, H and J, respectively, and [Fig. 4](#f0020){ref-type="fig"}L) and did not induce any damage to gastric tissue *per se* ([Fig. 4](#f0020){ref-type="fig"}E, G and I).

3.5. Effect on lipid peroxidation {#s0125}
---------------------------------

The ethanol group showed significant change on oxidative markers with an increase on lipid peroxidation when compared to control group (MDA=4.02±0.42 and 0.94±0.3 nmol/mg protein, *P*\<0.001). However, the animals which received omeprazole at 30 mg/kg and ceSb at 100, 200 and 400 mg/kg completely attenuated the damage induced by ethanol (MDA=1.83±0.36, 2.25±0.47, 1.14±0.26 and 1.01±0.09 nmol/mg protein, respectively). Furthermore, the ceSb, at all doses tested, was able to significantly prevent the increase on lipid peroxidation in relation to respective control animals (*P*\<0.001 and *P*\<0.01) ([Fig. 5](#f0025){ref-type="fig"}A).

3.6. Effect on tissue NPSH {#s0130}
--------------------------

Ethanol caused a decreased NPSH content when compared to control group (25.56±8.4 and 72.45±9.1 nmol/mg protein, *P*\<0.01; [Fig. 5](#f0025){ref-type="fig"}B). These results confirm the ability of ethanol in depleting antioxidant defenses. In addition, omeprazole (30 mg/kg) and ceSb extract (100, 200 and 400 mg/kg) restored NPSH levels (56.14±7.3, 39.05±9.11, 89.26±10.58 and 95.87±2.94 nmol/mg protein; *P*\<0.001). However, the level of NPSH in stomach tissue was not affected by the treatment only with ceSb at different dosages (100, 200 and 400 mg/kg ceSb control group), maintaining similar levels to the respectively control group (*P*\<0.001; [Fig. 5](#f0025){ref-type="fig"}B).

3.7. Enzymatic antioxidant defense {#s0135}
----------------------------------

Statistical analysis revealed a significant decrease in CAT and SOD activities in gastric tissue after ethanol administration (1.65±0.35 nmol/mg protein and 1.07±0.20 nmol/mg protein, respectively; *P*\<0.01) when compared to control group. In addition, the omeprazole at 30 mg/kg group and ceSb at all doses tested were able to significantly reversed, dose-dependent manner, the decrease on CAT and SOD activities induced by ethanol in relation to animals from respective control groups ([Fig. 5](#f0025){ref-type="fig"}C and D).

4. Discussion {#s0140}
=============

Phytochemical screening of the crude extract of *S. buxifolia* stem bark (ceSb) showed the presence of acids phenolics, flavonoids, tannins and alkaloids ([Table 1](#t0005){ref-type="table"}). The large amount of total phenolics and flavonoids contents detected in ceSb can be attributed to the antioxidant potential formerly described for this species[@bib25]. In addition, HPLC analysis revealed that gallic acid, chlorogenic acid, caffeic acid, quercetin, rutin and kaempferol are the main compounds present in ceSb ([Fig. 1](#f0005){ref-type="fig"} and [Table 1](#t0005){ref-type="table"}), all found substances are well-known antioxidants. These compounds scavenge the free radical and play an important role in the prevention and therapy of diseases. Gallic acid, caffeic acid, rutin and quercetin are strong natural antioxidant, decrease the peroxidation and have anti-ulcerogenic, anti-mutagenic and anti-cancerogenic properties[@bib14], [@bib17], [@bib45], [@bib46].

Acute exposure of the gastric mucosa of rats to ethanol can result in gastric lesions similar to those occurring in gastric ulcer; hence, ethanol-induced gastric ulcers have been widely used for the evaluation of gastroprotective activity[@bib4], [@bib10]. Accordingly, it was observed that ethanol administration to rats caused macroscopic lesions to gastric tissue, such as loss of normal color and mucus along with presence of petechiae, hemorrhage and edema ([Figs. 2](#f0010){ref-type="fig"}B and [3](#f0015){ref-type="fig"}). These lesions are most likely related to mucus depletion and a constrictive effect on veins and arteries of the gastric mucosal, producing congestion, inflammation and tissue injury[@bib8]. The reduction of gastric mucosal blood flow can result in hemorrhage and necrosis in damaged tissue[@bib5], [@bib14].

In order to confirm the results of antiulcer experiment, the stomachs were also evaluated by histopathological examination ([Fig. 4](#f0020){ref-type="fig"}). In histological observation, the stomach of control animals showed no damage ([Fig. 4](#f0020){ref-type="fig"}A). However, rats 1 h after of exposure to ethanol presented damage to gastric tissue at a microscopic level. Histopathological injury caused by ethanol administration is characterized by edema and congestion of mucosal, as well as inflammatory process characterized by neutrofils infiltration ([Fig. 4](#f0020){ref-type="fig"}B). However, ceSb was able to reverse the damage caused by ethanol, probably exert potent antiinflammatory effect in gastric mucosa. This activity can be confirmed by microscopic evidence obtained in our analysis, decreasing the infiltration of inflammatory cells (neutrophils) ([Fig. 4](#f0020){ref-type="fig"}F, H and J) in relation to samples from stomachs of rats that received ethanol-only ([Fig. 4](#f0020){ref-type="fig"}B). Furthermore, the ceSb at 200 and 400 mg/kg was able to protect the histological structure of the gastric mucosa, preventing swelling ([Fig. 4](#f0020){ref-type="fig"}H and J, respectively) and preventing the infiltration of inflammatory cells (neutrophils) at 100, 200 and 400 mg/kg ([Fig. 4](#f0020){ref-type="fig"}F, H and J, respectively).

The abnormal elevation of reactive species corresponds to one of the main aggressive mechanisms of ethanol, which can cause gastric cell damage and death[@bib4], [@bib12]. In this study, ethanol induced depletion of non-enzymatic defenses (NPSH groups) and inhibition of the antioxidant enzyme CAT and SOD. In fact, depletion of glutathione (the major non-protein thiol) and inhibition of CAT and SOD after ethanol exposure has already been described[@bib5], [@bib8], [@bib46], and is directly involved in increased lipid peroxidation observed in ethanol-treated rats. Besides, lipid peroxidation in gastric tissue plays a significant role in the pathogenesis of ethanol-induced gastric lesions[@bib10], [@bib11], [@bib47]. Previous reports confirm that ethanol increases superoxide anion and hydroxyl radical production by neutrophils and these ROS cause LPO in the gastric mucosa and tissue damage[@bib1].

*S. buxifolia* extract restored, in a dose dependent manner, the gastric mucosal damage and oxidative stress induced by ethanol ([Fig. 5](#f0025){ref-type="fig"}A--D). The broad antioxidant properties of ceSb were demonstrated by decreased levels of MDA and increase of antioxidant defenses (NPSH, SOD and CAT). These protective effects described for the crude extract of *S. buxifolia* can be associated with the presence of phenolic acids, mainly gallic, chlorogenic and caffeic acids, besides the flavonoids, such as quercetin, rutin and kaempferol in ceSb. The free radical scavenging activity of the ceSb[@bib25] might be considered as one of the possible mechanisms of its gastroprotective effect observed. Because oxygen derived radicals and agents with antioxidant properties have been implicated in the pathogenesis of ethanol-induced gastric ulcers[@bib48]. In agreement with our findings, high levels of flavonoids also have already been found in the ethyl acetate fraction of *S. buxifolia* by Boligon et al.[@bib25]. Similar results were also obtained in related to antioxidant enzyme activities by Alimi et al.[@bib47] and Liu et al.[@bib9].

Several studies have associated the protection of gastric ulcer to the presence of phenolic acid and flavonoids in plant extracts[@bib7], [@bib8], [@bib12], [@bib16], [@bib47]. Hussain et al.[@bib17] described the significant gastroprotective effect of rutin by scavenging the ROS produced by gastric damage. Furthermore, quercetin and kaempferol also showed protective effects in ethanol-induced gastric ulcer by decreasing oxidative stress and increasing antioxidant enzyme activity[@bib15], [@bib46]. Flavonoids are antioxidant compounds that efficiently remove superoxide anion, hydroxyl, peroxyl and alcoxyl radicals[@bib8], while the removal of these same ROS along with peroxynitrite radicals has been described also for chlorogenic and caffeic acids[@bib12]. Since superoxide anion and hydroxyl radical are the ROS involved in oxidative stress caused by ethanol and peroxyl and alcoxyl radicals are the major products of the LPO process[@bib1], [@bib14], the scavenging of these species explains the protective effects of *S. buxifolia* against gastric injury induced by ethanol. In addition, some flavonoids also interfere in inflammation process and increase mucus content in gastric mucosal, resulting in cytoprotective effects[@bib2], [@bib12].

In conclusion, ceSb (100, 200 and 400 mg/kg) were demonstrated gastric mucosal protection against oxidative injuries caused by ethanol and this protection is most likely due to antioxidant properties of *S. buxifolia*. In addition, the presence of phenolic acids and flavonoides in ceSb certainly contribute to the antiulcerogenic activity described here.
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![High performance liquid chromatography (HPLC) chromatogram of *Scutia buxifolia* crude extract. Gallic acid (peak 1), chlorogenic acid (peak 2), caffeic acid (peak 3), rutin (peak 4), quercetin (peak 5) and kaempferol (peak 6).](gr1){#f0005}

![Demonstrative images of stomachs from all experimental groups. Observe images from control group (A), ethanol group (B) omeprazole control group (C), omeprazole+ethanol group (D), 100 mg/kg ceSb control group (E), 100 mg/kg ceSb+ethanol group (F), 200 mg/kg ceSb control group (G), 200 mg/kg ceSb+ethanol group (H), 400 mg/kg ceSb control group (I) and 400 mg/kg ceSb+ethanol group (J).](gr2){#f0010}

![Color (A), petechiae (B), edema (C), hemorrhage (D) and mucus loss (E) indexes (magnification of 10×) of stomach from rats treated with ethanol and/or omeprazole or *Scutia buxifolia* extract. Data are means+SD (*n*=6). Significant difference when compared to water control group (^\*^*P*\<0.01); significant difference when compared to ethanol control group (^\#^*P*\<0.01, ^\#\#^*P*\<0.001).](gr3){#f0015}

![Representative histology (magnification of 100×; A--J) and histopathological damage score of gastric tissue from animals treated with ethanol and/or *Scutia buxifolia* extracts (L). Control group (A), ethanol group (B), omeprazole control group (C), omeprazole+ethanol group (D), 100 mg/kg ceSb control group (E), 100 mg/kg ceSb+ethanol group (F), 200 mg/kg ceSb control group (G), 200 mg/kg ceSb+ethanol group (H), 400 mg/kg ceSb control group (I) and 400 mg/kg ceSb+ethanol group (J). In panel L, the score 0 indicates absence of negative features (edema, erosion, ulceration and necrosis) while score 3 indicates severe negative features. Data are means±SD (*n*=5--6). Significant difference when compared to water control group (^\*^*P*\<0.01); significant difference when compared to ethanol control group (^\#^*P*\<0.001).](gr4){#f0020}

![Thiobarbituric acid reactive substances -- TBARS (A), sulfhydryl groups -- NPSH (B), CAT activity (C) and SOD activity (D) levels of gastric tissue from rats treated with ethanol and/or omeprazole or *Scutia buxifolia* extract. Data are means±SEM (*n*=5--9). Significant difference when compared to water control group (^\*^*P*\<0.01; ^\*\*^*P*\<0.001). Significant difference when compared to ethanol control group (^\#^*P*\<0.01, ^\#\#^*P*\<0.001).](gr5){#f0025}

###### 

Content of phenolics, flavonoids, tannins and alkaloids in crude extract of *S. buxifolia*.

  *S. buxifolia* compounds                                   Quantities                                    LOD (μg/mL)   LOQ (μg/mL)   
  ---------------------------------------------------------- --------------------------------------------- ------------- ------------- -------
  Total phenolics [⁎](#tbl1fnStar){ref-type="table-fn"}      141.09±0.71                                   --            --            --
  Total flavonoids [\#](#tbl1fnsym_1){ref-type="table-fn"}   100.37±0.56                                   --            --            --
  Total tannins [‡](#tbl1fnsym_2){ref-type="table-fn"}       66.67±0.17                                    --            --            --
  Total alkaloids                                            1.59±0.08                                     --            --            --
  Gallic acid                                                41.3[a](#tbl1fna){ref-type="table-fn"}±0.22   4.13          0.017         0.056
  Chlorogenic acid                                           19.2[a](#tbl1fna){ref-type="table-fn"}±0.19   1.92          0.008         0.025
  Caffeic acid                                               77.5[a](#tbl1fna){ref-type="table-fn"}±0.03   7.75          0.023         0.075
  Rutin                                                      8.9[a](#tbl1fna){ref-type="table-fn"}±0.34    0.89          0.010         0.032
  Quercetin                                                  90.3[a](#tbl1fna){ref-type="table-fn"}±0.05   9.03          0.009         0.029
  Kaempferol                                                 5.4[a](#tbl1fna){ref-type="table-fn"}±0.15    0.54          0.032         0.104

LOD: limit of detection; LOQ: limit of quantification.

Results are expressed as mean±standard deviations (SD) of three determinations.

Gallic acid equivalent.

Quercetin equivalent.

Catechin equivalent.

*P*\<0.01, mean values differ by the Tukey test.
